Introduction
============

Endometriosis is an enigmatic and complex disease characterized by benign endometrial glands and stroma occurring outside of the uterine cavity. The disease causes significant frustration for both physicians and patients. Second only to leiomyomata in frequency of gynecologic disorders, endometriosis may cause pain, infertility, and a multitude of other symptoms, many of which mislead even the most experienced diagnosticians. More than just an individual issue, endometriosis incurs great societal cost in terms of psychological morbidity, work absenteeism, and disability compensation. Endometriosis carries an estimated prevalence of 6%--10% among women, most commonly of reproductive age. This increases to 35%--50% of women with pelvic pain, infertility, or both.[@b1-ijwh-4-383],[@b2-ijwh-4-383] Prevalence is difficult to accurately assess, given that many women with endometriosis are asymptomatic and many do not seek medical attention for their symptoms. Known to be a largely estrogen-dependent entity, endometriosis has also been reported in postmenopausal women as well as men.[@b3-ijwh-4-383],[@b4-ijwh-4-383]

Clinical evaluation
===================

Diagnosis of endometriosis first and foremost requires a high index of suspicion, as symptomatology may vary widely and disease course is largely unpredictable.[@b5-ijwh-4-383] A thorough history and careful physical exam are imperative. The most common presenting symptoms are pelvic pain and infertility. Dysmenorrhea, typically beginning 1--2 days prior to the start of menses is a classic symptom, although pelvic pain often occurs outside of the menstrual cycle as well. Pain may vary in description from dull to sharp, and many report a feeling of pressure or fullness of the pelvis. Pain may be unilateral or bilateral and often radiates to the low back and down the legs.

Dyspareunia, particularly with deep penetration, is also a hallmark of the disease and is usually secondary to endometrial implants on the uterosacral ligaments as well as immobility of pelvic organs that are entrapped by infiltrative disease and dense adhesions.

Fifteen to twenty percent of patients with endometriosis report abnormal uterine bleeding, most commonly premenstrual spotting and menorrhagia.[@b5-ijwh-4-383] Bleeding is usually in an ovulatory pattern, although approximately 15% of endometriosis patients also have anovulatory bleeding.

Interestingly, endometriosis has long shown a familial association.[@b1-ijwh-4-383] Over 30 years ago, it was recognized that first-degree relatives of women with severe endometriosis carried a six-fold greater risk of having the disease than relatives of women without endometriosis.[@b6-ijwh-4-383] Familial and genetic studies are ongoing, but a family history of endometriosis may elevate suspicion of the disease.

Signs of endometriosis include a fixed, retroverted uterus, uterosacral nodularity and tenderness (best evaluated on rectovaginal exam), and enlarged, tender ovaries that are often fixed to the posterior uterus or pelvic sidewall. Speculum exam may reveal endometriotic implants on the cervix or upper vagina. Fifteen percent of patients will demonstrate lateral displacement of the cervix on digital or speculum exam.[@b5-ijwh-4-383]

The presence of leiomyomata should also raise the clinician's suspicion of endometriosis.[@b7-ijwh-4-383] A 2010 study demonstrated an 86% prevalence of endometriosis in patients undergoing surgery for uterine fibroids.[@b8-ijwh-4-383] Women with fibroids and infertility, in particular, are likely to have concomitant endometriosis.[@b9-ijwh-4-383]

Extragenital endometriosis, discussed in a later section, may present very unpredictably, with symptoms ranging from gastrointestinal disturbances in bowel endometriosis to catamenial pneumothorax in thoracic endometriosis. However, dyschezia and dysuria may be present even when endometriosis does not directly involve the bowel or bladder.[@b10-ijwh-4-383] It is critical during the preoperative interview and evaluation to inquire about bowel and bladder symptoms. When indicated, colonoscopy, magnetic resonance imaging (MRI), and/or computed tomography (CT) should be obtained for pre-operative planning. Appropriate consultation with a urologist and/or colorectal surgeon may be required.

Imaging studies
===============

Imaging studies for endometriosis in general have limited value. The presence of an adnexal mass consistent with endometrioma is an exception.[@b11-ijwh-4-383] Transvaginal sonography (TVS) remains the method of choice for evaluation of an adnexal mass and has the added benefit of a lack of radiation exposure. We perform TVS on all patients suspected of having endometriosis to evaluate for endometriomas and fibroids. Endometriomas have distinct features on ultrasound, most commonly as unilocular cysts with a homogenous 'ground glass' appearance.[@b12-ijwh-4-383] The presence of an endometrioma should alert the clinician to the possibility of moderate to advanced stage disease.[@b13-ijwh-4-383] One concerning exception is the postmenopausal patient, in which ovarian cysts with 'ground glass' appearance are associated with a 44% risk of malignancy.[@b12-ijwh-4-383] Additionally, TVS may play a role in the evaluation of disease involving the bladder and rectum.[@b14-ijwh-4-383],[@b15-ijwh-4-383]

CT may be useful in diagnosing bowel endometriosis in the presence of colon distension.[@b15-ijwh-4-383],[@b16-ijwh-4-383] CT evidence of hydronephrosis or hydroureter in patients with pelvic pain or a history of endometriosis should raise suspicion of genitourinary involvement.[@b17-ijwh-4-383] Radiation exposure should be taken into consideration.

MRI also has limited use in the diagnosis of endometriosis. It may be helpful in confirming the identification of an adnexal mass as an endometrioma when TVS is equivocal. MRI should also be considered if the clinician is suspicious of ureteral involvement, and it may be useful in evaluation of anatomy when extensive pelvic adhesions are anticipated.[@b18-ijwh-4-383]

The role of double-contrast barium enema (DCBE) in the evaluation of rectovaginal endometriosis is controversial.[@b15-ijwh-4-383] Some studies have shown encouraging accuracy in predicting the need for intestinal surgery in endometriosis cases.[@b19-ijwh-4-383],[@b20-ijwh-4-383] DCBE was found in one report to be superior to MRI[@b21-ijwh-4-383] but in another to be inferior to rectal ultrasound.[@b21-ijwh-4-383] However, other studies have demonstrated lower sensitivity of DCBE for rectovaginal disease.[@b22-ijwh-4-383],[@b23-ijwh-4-383] DCBE does not permit examination of the entire bowel wall and gives no information regarding depth of infiltration but may provide useful preoperative planning in some cases of suspected severe disease.[@b15-ijwh-4-383]

Laboratory evaluation
=====================

No serum marker has yet been identified that is useful in the diagnosis of endometriosis. Cancer antigen 125 (CA-125) is frequently elevated in endometriosis, particularly in Stage III/IV disease and in the presence of endometriomas; however, correlation with laparoscopically diagnosed disease is still limited at best and is largely not considered clinically useful.[@b10-ijwh-4-383],[@b11-ijwh-4-383],[@b24-ijwh-4-383] Numerous additional biomarkers are currently being studied, both in isolation and in combination testing. Additionally, genetic markers and evaluation of endometrial biopsy samples are showing promise as less invasive means of diagnosis.[@b1-ijwh-4-383],[@b25-ijwh-4-383],[@b26-ijwh-4-383] At this time, however, none of these methods of evaluation have approached the diagnostic accuracy of laparoscopy.

Surgical diagnosis
==================

Endometriosis was first described by Von Rokitansky in 1860.[@b1-ijwh-4-383] The condition has historically been diagnosed and treated by laparotomy, and treatment prior to 1960 was almost exclusively achieved by abdominal hysterectomy with bilateral salpingo-oophorectomy.[@b27-ijwh-4-383]

Abdominal laparoscopy was first introduced as early as the 1910s;[@b28-ijwh-4-383]--[@b30-ijwh-4-383] however, the true benefits of operative laparoscopy were only realized with the introduction of video-assisted laparoscopic surgery (VALS).[@b27-ijwh-4-383],[@b31-ijwh-4-383],[@b32-ijwh-4-383] Before the advent of VALS, the utility of operative laparoscopy was diminished by two major drawbacks: poor visualization into the intra-abdominal cavity with one eye and the inability of the operative team to view the operative field. Both of these limitations were rectified with the introduction of VALS by Dr Camran Nezhat.[@b32-ijwh-4-383]

The benefits of VALS have facilitated the transition from laparotomy to laparoscopy for multiple procedures including those as uncomplicated as appendectomy and cholecystectomy as well as more complicated procedures such as bowel resection. In 1985, Nezhat reported that even extensive endometriosis, and as a result, almost all abdominal and pelvic pathologies, can be managed effectively using VALS.[@b33-ijwh-4-383] The increasing application of advanced VALS is a direct consequence of surgical ingenuity and advances in laparoscopic techniques and equipment.[@b28-ijwh-4-383],[@b34-ijwh-4-383]--[@b36-ijwh-4-383]

Several studies have demonstrated that outcomes with laparoscopic management of endometriosis are similar to those of laparotomy in terms of pregnancy rates, fecundity, and recurrence rates.[@b37-ijwh-4-383]--[@b41-ijwh-4-383] A prospective, randomized controlled trial evaluating laparotomy versus VALS for the treatment of endometriomas showed similar outcomes as well and also confirmed that VALS is associated with lower analgesic requirement, earlier discharge, and shorter postoperative recovery time.[@b42-ijwh-4-383] Patients experience significantly less disruption in their lives with VALS than with laparotomy and typically return to work more quickly. VALS also offers improved visualization of the abdomen and pelvis, with the ability to magnify and approach structures from angles not accessible by laparotomy, allowing for a more thorough treatment of extensive disease.[@b43-ijwh-4-383],[@b44-ijwh-4-383] The clear visualization afforded by VALS offers significant advantages for radical surgery for both oncologic indications as well as extensive endometriosis. Nerve-sparing radical surgery is facilitated by the ability to magnify objects and accurately dissect around the pelvic nerves.[@b45-ijwh-4-383],[@b46-ijwh-4-383]

Technique and instrumentation
=============================

VALS for the diagnosis and management of endometriosis has become the gold standard. As minimally invasive surgery has progressed, it becomes more and more unconscionable to inflict laparotomy and its prolonged recovery on patients already afflicted with chronic pain and/or infertility, unless absolutely necessary. Furthermore, reports of endometriosis found in Pfannenstiel scars are highly suspicious for iatrogenic spread of the disease.[@b47-ijwh-4-383],[@b48-ijwh-4-383]

Minimally invasive surgery is rapidly progressing toward microsurgery as technical advances allow for smaller and fewer incisions. At this time, the authors still prefer the 10-mm laparoscope for outstanding optics and a sharp picture. As endometriosis may present in numerous and subtle ways, an excellent visual field is imperative for the identification of possible lesions. This includes a high-quality camera, preferably with high-definition capability.

The surgeon begins with a thorough evaluation of the pelvis and abdomen. Initial entry is followed by examination of the site of entry to ensure that no injury resulted from the veress needle or trocar.[@b27-ijwh-4-383] The extent of disease and any anatomical distortion should be assessed and documented with photographs. Whether to videotape a procedure is highly controversial due to the possibility of alteration and liability concerns. The location and course of vital structures is noted, including the bladder, ureters, rectosigmoid colon, and major blood vessels, as well as the uterosacral ligaments, and the ovaries and their blood supply. The pelvic and abdominal sidewalls, liver, and diaphragm are evaluated for any lesions that may be contributing to the patient's symptoms. The surface of the uterus, fallopian tubes, ovaries, ovarian fossae, and cul de sac are examined. The appendix should be carefully evaluated and removal considered, as 22% of patients with pelvic endometriosis will also have endometriosis of the appendix ([Figure 1](#f1-ijwh-4-383){ref-type="fig"}).[@b49-ijwh-4-383] A rectovaginal exam and thorough examination of the pararectal spaces and uterosacral ligaments may reveal deep infiltrating disease and/or cul de sac obliteration ([Figure 2](#f2-ijwh-4-383){ref-type="fig"}). Often, a seemingly superficial lesion on the peritoneal surface may extend for several centimeters deep into the retroperitoneal space. These 'iceberg' lesions can frequently be detected by probing with a blunt instrument or suction-irrigator. Careful notation should be made of the size, depth, and proximity to other anatomic structures. Provided the patient has consented and it is safe to proceed, excision may be undertaken.

Endometriosis can only be confirmed by histopathologic examination. Therefore, biopsy of suspected lesions is essential, and excision is preferable when it can be safely done. Most gynecologists are familiar with the common black, brown, or blue 'powder burn' appearance of peritoneal endometriosis; however, this manifestation accounts for only a minority of lesions.[@b27-ijwh-4-383] Endometrial implants may appear in a number of different ways, including subtle red or white lesions, clear 'bubble' lesions, small hemorrhagic cysts, or white fibrotic lesions.[@b11-ijwh-4-383] Stegmann et al showed that most lesions contain a mix of colors and textures and that the surgeon's impression of whether a lesion contains endometriosis has only a 65% positive predictive value of actual histology-confirmed endometriosis.[@b50-ijwh-4-383] This study confirms the importance of obtaining pathologic diagnosis of any abnormal lesion that may be safely sampled or removed. Even our team, a referral center for complex cases of endometriosis with decades of experience, is often surprised by biopsied specimens that do not appear consistent with endometriosis but which are histologically confirmed to contain endometriotic glands and stroma.

Safe laparoscopic excision of an endometriotic lesion requires acute awareness of surrounding structures. Adhesiolysis is often necessary for thorough evaluation of the pelvis. This may be accomplished with a combination of blunt or sharp dissection, electrosurgery, or ultrasonic energy. For dense adhesions, the authors prefer the CO~2~ laser, which has the most limited thermal spread of any available laparoscopic energy source and a very limited depth of invasion.[@b33-ijwh-4-383],[@b51-ijwh-4-383],[@b52-ijwh-4-383] A good alternative for limited thermal spread is the PlasmaJet^®^ (Plasma Surgical, Inc, Roswell, GA), a new technology employing excited electrically neutral argon plasma with a thermal spread of only 200 μm.[@b53-ijwh-4-383]

We also strongly advocate the use of hydrodissection to separate superficial peritoneal layers from underlying vital structures before excising peritoneal lesions.[@b51-ijwh-4-383] To hydrodissect, a small incision is made in an area of peritoneum near the lesion but away from any vital structures. The suction-irrigator probe may then be inserted into the incision superficially and irrigation applied in order to lift the surface peritoneum from the underlying tissues. The area over the lesion may then be gently grasped and carefully dissected off using laparoscopic scissors or energy with minimal thermal spread such as those discussed above.

Endometriomas, or endometriosis-filled cysts of the ovaries, account for approximately 35% of benign ovarian cysts ([Figure 3](#f3-ijwh-4-383){ref-type="fig"}).[@b44-ijwh-4-383],[@b54-ijwh-4-383] One-third to one-half of patients with endometriomas will have bilateral cysts.[@b55-ijwh-4-383] On initial diagnostic laparoscopy, excision of an endometrioma is ideal for two reasons: first, endometriomas greater than 1 cm in size are unlikely to spontaneously resolve, and second, excision allows for pathologic examination of the tissue and diagnostic confirmation.[@b45-ijwh-4-383] The risk of malignant transformation of an endometrioma is 2.5%, most commonly resulting in endometrioid carcinoma or clear cell adenocarcinoma.[@b44-ijwh-4-383],[@b56-ijwh-4-383],[@b57-ijwh-4-383]

At the conclusion of a diagnostic VALS procedure, cystoscopy should be strongly considered, particularly if any dissection has occurred near the bladder or ureters. Cystoscopy should also be a part of the diagnostic evaluation in patients with urinary symptoms such as dysuria, hematuria, or urinary urgency. Additionally, in any patient who has undergone significant enterolysis and/or cul de sac dissection, a proctoscopy with instillation of air in the rectum and irrigation of the bowel surface should be performed. The presence of bubbles with air instillation indicates bowel injury. Alternatively, dilute indigo carmine can be instilled in the rectum to evaluate for distal bowel injury.

Robot assistance
================

More recently, the da Vinci robotic platform has been used in the diagnosis and treatment of endometriosis ([Figure 4](#f4-ijwh-4-383){ref-type="fig"}).[@b58-ijwh-4-383]--[@b60-ijwh-4-383] The three-dimensional view offers excellent visualization, which may be most beneficial in identifying suspected implants. However, the robotic platform has the distinct disadvantage of offering only a unidirectional view within the abdominal cavity. It is advisable for the surgeon to first undertake a diagnostic laparoscopy to ensure that suspected endometriosis is not visible in the upper abdomen, liver, diaphragm, and appendix before docking the robot in order to proceed with examination and treatment of the pelvis. Additionally, the loss of haptic feedback is a major detriment to the identification of the fibrotic lesions characteristic of deeply infiltrating disease. However, in the treatment of endometriosis, the da Vinci may offer ease of hand tremor and more instinctual movement of the wristed instruments. As such, it can help to bridge the gap between VALS and laparotomy for surgeons who are uncomfortable performing traditional VALS.

Staging
=======

Several different criteria for the classification of endometriosis have been developed. Unfortunately, all classifications are subjective and correlate poorly with symptoms and fertility outcomes.[@b11-ijwh-4-383] The most widely accepted is that proposed in 1996 by the American Society for Reproductive Medicine (ASRM), rating the extent of endometriosis on a scale of I (minimal) to IV (severe).[@b61-ijwh-4-383]--[@b63-ijwh-4-383] The ASRM system has the benefit of allowing clinicians to communicate effectively concerning prognosis and treatment but does not correlate well with symptoms nor a patient's likelihood of conception following treatment.[@b64-ijwh-4-383] Additional classification systems have been proposed by Batt et al,[@b65-ijwh-4-383] Adamyan,[@b66-ijwh-4-383] and Chapron et al.[@b67-ijwh-4-383] In 2004, the ENZIAN classification was introduced and may serve as an adjunct to the ASRM classification for deeply infiltrative disease.[@b68-ijwh-4-383] Adamson and Pasta developed the Endometriosis Fertility Index, which has been validated as a means of predicting non-IVF pregnancy rates in patients who have undergone surgical evaluation of endometriosis.[@b69-ijwh-4-383],[@b70-ijwh-4-383] The American Association of Gynecologic Laparoscopists (AAGL) is in the process of developing a new classification system for endometriosis.[@b71-ijwh-4-383] More recently, a new staging system based on ultrasonographic findings of deep, infiltrating disease has been suggested as well.[@b72-ijwh-4-383] While interest is high, the establishment of a widely accepted and clinically significant classification system remains elusive.

Extragenital endometriosis
==========================

Endometriosis occurs most commonly in the pelvis, particularly on the ovaries, fallopian tubes, and anterior and posterior cul de sac areas. When endometriosis occurs outside of the pelvis, it is termed "extragenital endometriosis". A 2004 review of 379 cases of endometriosis found a prevalence of 8.4% in extragenital locations.[@b73-ijwh-4-383] Of these, 32.3% involved the intestinal tract, 5.9% involved the urinary tract, and 61.8% involved other areas, including abdominal scar, inguinal canal, umbilicus, and perineum. While pain was the most common presenting symptom, cyclical pain occurred in only approximately 40%. Palpable mass was also present in approximately 40%, most notably in low transverse abdominal scars, indicating a possible iatrogenic etiology.

Bowel endometriosis
-------------------

The rectosigmoid colon is the most commonly involved site of endometriosis beyond the gynecologic organs, followed by the appendix. Endometriosis of the bowel may manifest in any number of ways, including hematochezia, melena, constipation, diarrhea, bloating, nausea, and emesis. Again, symptoms may be cyclic but very frequently are not. Imaging as discussed above should be obtained for pre-operative management when indicated. A colonoscopy is indicated in patients with melena or hematochezia. A multidisciplinary approach with the involvement of a colorectal surgeon should be strongly considered. Management of bowel endometriosis was first reported in October 1988 at the 44th Annual Meeting of the American Fertility Society in Atlanta, GA and may be accomplished by multiple techniques depending on the extent of infiltration and therapeutic goals of the patient. Surgical management may include superficial shaving, disk excision, or segmental bowel resection.[@b51-ijwh-4-383],[@b74-ijwh-4-383]--[@b78-ijwh-4-383]

Endometriosis of the urinary tract
----------------------------------

Urinary tract endometriosis is estimated to occur in 1%--5% of endometriosis cases, affecting the bladder, ureter, and kidney in a ratio of 40:5:1.[@b79-ijwh-4-383]--[@b82-ijwh-4-383] Complaints that should alert the clinician to possible urinary tract involvement include urgency, frequency, suprapubic pain, urge incontinence, flank or back pain, and dyspareunia. Hematuria is reported in 33% of cases but is only cyclic in approximately half of these patients.[@b79-ijwh-4-383] When urinary tract involvement is suspected, imaging must be performed to evaluate for hydronephrosis or hydroureter. CT, MRI, or intravenous pyelogram (IVP) may help to localize a lesion compressing the ureter. Cystoscopy will reveal bladder mucosal involvement or mass effect and may be used for pre-operative ureteral stent placement ([Figure 5](#f5-ijwh-4-383){ref-type="fig"}). In the event of significant renal compromise, percutaneous nephrostomy may be required prior to definitive surgery. Careful ureterolysis should be performed in all patients prior to removing an endometriotic nodule in order to identify the course of the ureter and prevent injury. The authors frequently administer intraoperative intravenous indigo carmine in order to alert to any ureteral injury at time of ureterolysis. If the mucosa of the bladder or ureter is involved with endometriosis, segmental resection and reanastomosis is the treatment of choice.[@b79-ijwh-4-383]--[@b82-ijwh-4-383]

Thoracic endometriosis syndrome
-------------------------------

Thoracic endometriosis syndrome is an unusual entity consisting of endometriosis of the lung parenchyma, airways, or pleura ([Figure 6](#f6-ijwh-4-383){ref-type="fig"}). Thoracic endometriosis generally consists of one of four manifestations, in order of most common presentation: catamenial pneumothorax (80%), catamenial hemothorax (14%), catamenial hemoptysis (5%), and endometriotic lung nodules.[@b73-ijwh-4-383],[@b79-ijwh-4-383],[@b83-ijwh-4-383] Most thoracic lesions are solitary with the right hemithorax involved in 92% of cases, the left hemithorax in 5%, and both in 3%.[@b79-ijwh-4-383],[@b84-ijwh-4-383] Among patients with thoracic endometriosis, 50%--80% will also have disease of the pelvis.[@b83-ijwh-4-383] Catamenial pneumothorax is defined as pneumothorax occurring within 72 hours of onset of menses. Although often cyclic, recurrences may occur in the premenstrual period or at time of ovulation.[@b79-ijwh-4-383] It is possible that many cases of presumed primary pneumothorax in women are actually due to thoracic endometriosis. Patients with thoracic endometriosis usually present with nonspecific symptoms including cough, shortness of breath, chest discomfort, and less commonly, hemoptysis. They may also experience referred pain to the shoulder, neck, or scapula due to diaphragmatic irritation.

The most important tool for the diagnosis of thoracic endometriosis syndrome is astute clinical suspicion. Emergent cases of catamenial pneumothorax or hemothorax are managed with thoracentesis and chest tube. Medical management for catamenial symptoms, particularly gonadotropin-releasing hormone (GnRH) agonists, may be both diagnostic and therapeutic.[@b85-ijwh-4-383] A catamenial pattern of symptoms is considered pathognomonic for the disease. CT, MRI, chest radiograph, and bronchoscopy may be useful in evaluation, primarily to rule out malignancy, infection, or other pathology, although they have low yield for diagnosis of endometriosis.[@b86-ijwh-4-383] Bronchoscopy-directed biopsy rarely confirms endometriosis, but brush cytology more frequently confirms the presence of endometrial cells.[@b79-ijwh-4-383] Definitive diagnosis and surgical treatment of thoracic endometriosis syndrome is accomplished with video-assisted thoracoscopic surgery (VATS).[@b87-ijwh-4-383] A multidisciplinary approach with VATS in combination with VALS will reveal disease of the thoracic cavity and subdiaphragmatic surface as well as the pelvis.[@b85-ijwh-4-383],[@b88-ijwh-4-383]--[@b90-ijwh-4-383] In a multidisciplinary approach with experienced cardiothoracic and gynecologic surgeons, thoracic and diaphragmatic endometriosis can be treated with laser ablation of lesions or with resection and repair of the diaphragm, pleura, or lung.[@b84-ijwh-4-383],[@b86-ijwh-4-383],[@b90-ijwh-4-383]

Other sites of extrapelvic endometriosis
----------------------------------------

Endometriosis has been found in nearly every organ of the body. Endometriosis of the abdominal diaphragm may present with similar discomfort as that of the thoracic diaphragm. It is more likely to be found on the right side due to the natural clockwise flow of peritoneal fluid.[@b79-ijwh-4-383] Pain is most commonly in the right upper quadrant, right chest or shoulder, or right scapula. Again, a multidisciplinary approach is sensible, as resection of lesions may require repair of the diaphragm.

Endometriosis of the liver and omentum are less common but should be kept in mind when performing diagnostic or operative VALS. Liver endometriosis may present with right upper quadrant or epigastric pain, malaise, nausea, vomiting, obstructive jaundice, portal vein thrombosis, and hepatomegaly.[@b79-ijwh-4-383],[@b91-ijwh-4-383] Malignant transformation is a concern in the liver as in any unusual location of endometriosis, although the ovary is the most common site for endometriosis-associated malignancy to occur.[@b92-ijwh-4-383],[@b93-ijwh-4-383]

Endometriosis has also been found in muscle, bone, nerves, the pancreas, and the kidney. Endometriosis of the vagina and cervix may be detected on physical exam. Symptoms include pain, dyspareunia, postcoital bleeding, metrorrhagia, or a palpable mass. Vulvar, perineal, and perianal endometriosis generally occurs in episiotomy, laceration repairs, or other vulvar scars. Lesions of the vagina, cervix, or vulva should be biopsied to exclude malignant or premalignant conditions.

Particularly with cutaneous incidence of endometriosis, fine needle aspiration is showing significant promise for cytopathologic diagnosis and serves to facilitate planning for surgical management.[@b94-ijwh-4-383]

Postoperative management
========================

Following laparoscopic surgery for diagnosis and treatment of endometriosis, most patients may be discharged home on the same day.

A comprehensive discussion of surgical and medical management of endometriosis is beyond the scope of this review. However, provided that endometriosis is recognized upon laparoscopic exploration, every reasonable attempt should be made to fully excise endometrial implants while remaining safely within the surgeon's capabilities. Alternatively, referral to a more experienced surgeon may be indicated in very difficult cases.

Unless pregnancy is immediately planned, surgical resection of endometriosis should be followed by medical suppression. GnRH agonists, oral contraceptives, and progestins are among the effective options for preventing recurrence of the disease. Some patients will require repeat surgical management due to pain or infertility resulting from recurrent disease despite suppression. Patients with histologic diagnosis of endometriomas and recurrent asymptomatic cysts may be expectantly managed with physical exam and ultrasound every 6 months for 1--2 years followed by annual exam and ultrasound.[@b45-ijwh-4-383] With development of symptoms, enlargement, or increase in complexity of the cysts, surgical intervention is required.

Complications
-------------

Complications of laparoscopy have become increasingly less common, occurring in 3.2 per 1000 cases.[@b95-ijwh-4-383] Multiple studies have illustrated that increased surgeon experience is associated with decreased rates of complications as well as improved outcomes.[@b96-ijwh-4-383],[@b97-ijwh-4-383]

One-third to one-half of injuries occur at entry.[@b96-ijwh-4-383],[@b97-ijwh-4-383] Closed entry with a Veress needle, direct entry, and open entry are all associated with same rates of vascular and bowel injury. [@b98-ijwh-4-383] The astute surgeon should be familiar with all three techniques and employ the method most appropriate for the patient. Entry should occur with the patient table low and flat, as entry in Trendelenburg increases the risk of aortic or iliac vessel injury.[@b99-ijwh-4-383] A left upper quadrant entry may be considered in patients suspected of having intra-abdominal adhesions. Regardless of entry technique, the area below and surrounding the site of entry should be immediately examined with the laparoscope before any further evaluation is done and before the patient is moved, to ensure that no injury has occurred.

Morbidity and mortality are extremely high for vascular injury.[@b100-ijwh-4-383] The most likely sites of internal vascular injury in gynecologic laparoscopy include the aorta, inferior vena cava, and right iliac vessels. Most injuries occur during trocar placement, followed by Veress entry and electrosurgical instruments.[@b97-ijwh-4-383],[@b101-ijwh-4-383] Additionally, extensive retroperitoneal dissection, lymphadenectomy, and sacral colpopexy increase the risk of vascular injury.[@b101-ijwh-4-383] The inferior epigastric vessels are frequently injured during lateral trocar placement.[@b100-ijwh-4-383] This may be avoided with careful transillumination of the abdominal wall and mapping of the vessel course laparoscopically prior to port placement. Vessel injury should be suspected in any patient who suddenly becomes unstable intraoperatively. A retroperitoneal vessel injury may not be immediately obvious. When the site of injury is identified, pressure should be applied to minimize blood loss. The assistance of a vascular surgeon, if available, should be immediately requested. Emergency laparotomy is indicated in the event of large vessel injury.

Bowel injuries account for approximately 20% of all injuries in gynecologic laparoscopy.[@b96-ijwh-4-383],[@b97-ijwh-4-383] Mortality associated with delayed diagnosis of bowel injury may be up to 28%.[@b101-ijwh-4-383] Approximately half of all injuries occur during entry. Injury to the stomach may be avoided by ensuring that the stomach is decompressed with a naso- or orogastric tube prior to entry. Management of a bowel injury recognized at time of laparoscopy depends on the site and extent of injury.

Bladder and ureteral injuries occur in 0.03%--0.13% of all gynecologic laparoscopies, with bladder injuries being more common.[@b96-ijwh-4-383] Bladder injury most often occurs during suprapubic trocar placement and during dissection of the vesicocervical junction during hysterectomy. The authors prefer to place the suprapubic port 4 cm superiorly to the pubic symphysis, instead of the more commonly used 2-cm distance. Suspected bladder injury may be confirmed by backfilling the bladder with indigo carmine. Ureteral injury is more likely to be unrecognized during surgery, particularly thermal injury in which ureteral necrosis may be delayed.[@b100-ijwh-4-383],[@b102-ijwh-4-383] Intravenous indigo carmine may allow the ureters to be more readily visible during laparoscopy, and spillage of the dye indicates injury. Additionally, the authors perform cystoscopy in all cases in which dissection occurred near a ureter. Minor bladder injuries are easily repaired with absorbable suture and Foley drainage. More extensive injury to the bladder or ureters should prompt urologic consultation.

Neurologic injury in laparoscopy is most commonly the result of positioning.[@b100-ijwh-4-383] Patients in prolonged Trendelenburg or in surgeries lasting more than 4 hours in which the legs are frequently moved up and down are at highest risk of neurologic injury. The most commonly involved nerves affecting the lower extremities are the femoral, sciatic, and peroneal nerves, and injury results from hyperflexion or excessive external hip rotation, or compression at the lateral knee. Upper extremity neurologic injury may occur due to prolonged Trendelenburg position with shoulder braces, hyperextension of the shoulders, or compression of the ulnar nerve at the elbow. Treatment of iatrogenic neuropathy is typically supportive, and most injuries will resolve with time. However, neurologic and physical therapy consultation should be considered depending on the extent of apparent injury.

Electrosurgery in laparoscopy is a common cause of injury, and surgeons must be familiar with their electrosurgical instruments, their safe use, and their risks. Electrosurgical injury may occur when an instrument is inadvertently activated when out of the visual field. Direct coupling, in which a current is diverted from the instrument to another metal instrument may also cause injury.[@b103-ijwh-4-383] Capacitive coupling with monopolar energy occurs when the energy from an active electrode is passed through the insulating sheath to another conductive device. This risk is most concerning with a combination metal and plastic trocar but may also occur with an all-plastic trocar. An allmetal trocar allows the energy to safely disperse through the abdominal wall. Electrosurgical injuries are increased with the use of higher voltage waveforms. Therefore, the use of a 'cut' setting is preferred over 'coagulation' wherever possible.

Finally, the use of CO~2~ insufflation carries risks as well, including subcutaneous emphysema, pneumothorax, and gas embolization.[@b100-ijwh-4-383] Careful entry and ensuring that trocars do not slip into the pre-peritoneal space will help to prevent subcutaneous emphysema, which is most often self-limited. Pneumothorax is readily identified by chest radiograph and should be suspected in patients with chest pain and shortness of breath following laparoscopy. Gas embolization is exceedingly rare but may be devastating. A precipitous drop in the patient's oxygen saturation and/or end-tidal CO~2~ or premature ventricular contractions should prompt cessation of the procedure and placement of the patient in left lateral decubitus position with airway and vascular support.

Conclusion
==========

Endometriosis is a highly complex disease with varying presentations. A high index of suspicion is the first and foremost tool of the wise diagnostician. For abdominal and pelvic disease, video-assisted laparoscopic surgery is not only preferable but has also become the standard of care due to decreased morbidity when compared with laparotomy. When extragenital or extensive disease is suspected, a multidisciplinary approach is preferred. Complications of laparoscopy may be mitigated with increased surgeon experience and careful attention to surgical detail.
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![Bilateral endometriomas with obliterated posterior cul de sac.](ijwh-4-383f2){#f2-ijwh-4-383}

![Endometrioma with characteristic 'chocolate cyst'.](ijwh-4-383f3){#f3-ijwh-4-383}

![Robotic assistance in the management of deep infiltrating endometriosis.](ijwh-4-383f4){#f4-ijwh-4-383}

![(**A**) Endometriosis visible on the vesicouterine fold. (**B**) The same bladder on cystoscopy demonstrated endometriosis infiltrating the bladder mucosa.](ijwh-4-383f5){#f5-ijwh-4-383}

![(**A**) Endometriosis of the thoracic wall. (**B**) Endometriosis of the lung parenchyma.](ijwh-4-383f6){#f6-ijwh-4-383}
